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Abstract: Objective: To investigate correlations among A-kinase anchor protein95 (AKAP95), Connexin43 (Cx43), 
CyclinE1 and CyclinD1 in esophageal squamous cell cancer tissues, and their relationship with clinical and patho-
logical parameters. Methods: The protein levels of AKAP95, Cx43, CyclinE1 and CyclinD1 in 54 cases of esophageal 
squamous cell cancer tissues were determined by immunohistochemistry. Results: The expression of AKAP95, 
CyclinE1 and CyclinD1 in esophageal squamous cell cancer tissues (53.70%, 88.89%, 72.22%, respectively) was 
significantly increased when compared to pericarcinoma tissues (20.00%, P < 0.05; 6.67%, P < 0.01; and 20.00%, P 
< 0.05; respectively). By contrast, Cx43 expression in esophageal squamous cell cancer tissues (22.22%) was lower 
than that in pericarcinoma tissues (60.00%, P < 0.05). The expression of AKAP95, Cx43, CyclinE1 and CyclinD1 in 
the tissues of esophageal squamous cell carcinoma was unrelated to lymph node metastasis and the degree of dif-
ferentiation. The expression of Cx43, CyclinE1, CyclinD1 in the tissues of esophageal squamous cell carcinoma was 
significantly correlated with AKAP95, respectively (P < 0.05). Conclusion: Expression levels of AKAP95, CyclinE1 and 
CyclinD1 were higher, and that of Cx43 lower in esophageal squamous cell carcinoma tissues as compared peri-
carcinoma tissues, which suggests their importance in the incidence and development of esophageal squamous 
cell carcinoma. The expression of Cx43, CyclinE1, CyclinD1 in the tissues of esophageal squamous cell carcinoma 
was correlated with AKAP95, respectively. The expression of AKAP95, Cx43, CyclinE1 and CyclinD1 in the tissues of 
esophageal squamous cell carcinoma was unrelated to the degree of differentiation and lymph node metastasis.
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Introduction

Esophageal cancer is one of the most common 
human malignancies, and the incidence of 
esophageal squamous cell carcinoma is the 
most common. CyclinD1 and CyclinE1 are 
members of the CyclinD and E family of pro-
teins that play a key role in promoting cell cycle. 
The expression of both CyclinD1 and CyclinE1 
is increased in a variety of tumor tissues [1-4]. 

Tatjana et al. found that A-kinase anchor pro-
tein95 (AKAP95) forms a complex with 
CyclinD/E and PKA in Chinese hamster ovary 
(CHO) cells [5]. Further studies showed that 

Connexin43 (Cx43) is down-regulated in a vari-
ety of tumors [6-8]. The phosphorylation sites, 
Ser365, Ser368, Ser369 and Ser373, of Cx43 
are phosphorylated by PKA in rat granulosa 
cells, which in turn increases the formation of 
the cell gap junction, and enhances cellular 
communication [9]. 

Moorby et al. found that the G2/M phase of the 
cell cycle was increased when Cx43-deficient 
mutants were expressed in 3T3 cells [10]. In 
addition, we have previously shown that the 
expression of AKAP95 is correlated to Cx43 
expression in lung cancer tissues [11]. 
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In the current study, we used an immunohisto-
chemical approach to investigate the protein 
expression levels of AKAP95, Cx43, CyclinD1 
and CyclinE1 in the tissues of 54 cases of 
esophageal squamous cell carcinoma, and 
analyzed the correlations among them.

Materials and methods

Tissue collection 

A total of 54 cases of esophageal carcinoma, 
comprising 1 female and 53 males subjects, 
with a mean age of 59.8 years (range 38-82), 
were diagnosed at the First Affiliated Hospital 
of Liaoning Academy of Medical Sciences from 
2010 to 2011 (and confirmed by pathology 
diagnosis). Among them, 25 cases presented 
with lymph node metastasis, 28 cases lacked 
lymph node metastasis and one case could not 
be confirmed. Further, 19, 29 and 6 cases dis-
played high, moderate and low differentiation, 
respectively. Control group specimens were col-
lected from tissues that were located 3 cm 
from esophageal carcinoma tissues, and 
included 15 cases of pericarcinoma that were 
identified by pathology and confirmed that the 
tissue specimens lacked detectable cancer 
cells. The study was approved by the ethics 
committee of Xiamen university (Xiamen, 
China), and the written informed patient con-
sents were obtained from the patients or the 
patients’ family. 

Reagents and methods 

All the specimens were fixed in 10% formalin, 
embedded in paraffin, and cut in serial sections 
(4 µm). The staining was performed using an SP 
immunohistochemical kit (Kit-9710) according 

The staining of tissue specimens with a brown-
ish-yellow color and without a brownish- yellow 
color was considered the positive and negative 
assay end-points, respectively. Ten different 
fields of view of each section were randomly 
selected, and 200 tumor cells in each field 
were counted. The frequency of positive cells 
was considered as the judgment parameter, 
and the judgment standard was set as fol-
lows:“-” (0 ≤ the percentage of positive cells < 
10%), “+-” (10 ≤ the percentage of positive cells 
< 25%), “+” (25 ≤ the percentage of positive 
cells < 50%), “++” (50 ≤ the percentage of posi-
tive cells < 75%) and “+++” (the percentage of 
positive cells ≥ 75%). In addition, “-” and “+-” 
were regarded as negative staining, “+”, “++” 
and “+++” were regarded as positive staining.

Statistical analysis

Statistical analysis of the data was carried out 
using SPSS13.0 software (SPSS Inc., Chicago, 
IL, USA) by the X2 test. Correlation analyses of 
differential expressed proteins was analyzed by 
Spearman’s rank correlation coefficient. An 
alpha value of P < 0.05 was considered statisti-
cally significant.

Results

The expression of AKAP95, Cx43, CyclinE1 
and CyclinD1 in esophageal carcinoma and 
pericarcinoma tissues 

Table 1 summarizes the data. In addition, the 
percentage of AKAP95 positive expression in 
esophageal carcinoma tissues was 53.70% 
(29/54 samples), which significantly decreased 
to 20.00% (3/15 samples) in pericarcinoma tis-
sues (P < 0.05). AKAP95 protein expression 
was predominantly localized to the nucleus, 

Table 1. The expression AKAP95, CyclinE1, CyclinD1 and 
Cx43 in esophageal carcinoma tissues

Protein Results Tumor Pericarcinoma 
tissues X2 P

AKAP95 Positive 29 3 5.362 0.021
Negative 25 12

CyclinE1 Positive 48 1 34.664 <0.0001
Negative 6 14

CyclinD1 Positive 39 6 5.373 0.02
Negative 15 9

Cx43 Positive 12 9 6.229 0.013
Negative 42 6

to the manufacturer’s instructions 
(Fuzhou Maxim Biotech Inc., China), 
and then color-developed with DAB 
reagent and counterstained with 
hematoxylin. The antibodies included 
mouse anti-human CyclinE1 (sc-247, 
1:300), AKAP95 (sc-100643, 1:150), 
Cx43 (sc-13558, 1:300) and CyclinD1 
(sc-20044, 1:300) monoclonal anti-
bodies (Santa Cruz Biotechnology, 
Inc., Dallas, Texas, USA). The negati- 
ve control was PBS instead of 
antibodies.

Positive judgment standard
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Figure 1. Expression of AKAP95 in pericarcinoma and esophageal carcinoma tissues. (A) AKAP95 is mainly ex-
pressed in the nucleus with minimal expression in the cytoplasm of pericarcinoma tissues. (B-D) In esophageal 
carcinoma tissues, AKAP95 is expressed in the nucleus of moderately differentiated tumor tissues (B), is weakly 
expressed in the cytoplasm, and minimally expressed in the nucleus of poorly differentiated tumor tissues (C), and 
is not expressed in highly differentiated tumor tissues (D). (Magnification, × 400).

Figure 2. Expression of Cx43 in pericarcinoma and esophageal carcinoma tissues. Cx43 is expressed in the cy-
toplasm and minimally expressed in the nucleus of pericarcinoma tissues (A, B). Cx43 is also expressed in the 
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cytoplasm of highly differentiated tumor tissues (C, D). Cx43 is weakly expressed in the cytoplasm of moderately 
differentiated tumor tissues (E, F). Cx43 is weakly expressed in the cytoplasm of poorly differentiated tumor tissues 
(G, H). (Magnification, × 400).

with minimal expression found in the cytoplasm 
(Figure 1).

In addition, 12 out of 54 (22.22%) cases of 
esophageal carcinoma tissues showed positive 
Cx43 expression. Moreover, we found that the 
positive expression rate of Cx43 had signifi-
cantly increased to 60.00% (9 out of 15 sam-
ples) in pericarcinoma, and showed marked dif-
ference when compared to esophageal carci-
noma tissues (P < 0.05). Cx43 protein was 
predominantly localized to the cytoplasm, and 
minimal nuclear expression (Figure 2).

We found that 48 out of 54 (88.89%) samples 
of esophageal carcinoma tissues showed posi-
tive CyclinE1 expression. However, only one of 
15 (6.67%) cases of pericarcinoma tissues 

samples was positive for CyclinE1, which was 
markedly lower than that found in esophageal 
carcinoma tissues (P < 0.05). CyclinE1 protein 
expression was mainly localized to the cyto-
plasm, with minimal nuclear expression in both 
esophageal carcinoma and  pericarcinoma tis-
sues (Figure 3).

There were 39 out of 54 (72.22%) cases of 
esophageal carcinoma tissues that showed 
positive CyclinD1 expression. However, this 
expression level was dramatically decreased in 
pericarcinoma tissues (P < 0.05), where only 6 
out of 15 (40.00%) cases of pericarcinoma tis-
sues were positive for CyclinD1 expression. 
CyclinD1 protein expression localized to the 
cytoplasm predominantly, and minimal expres-
sion levels were nuclear localized (Figure 4). 

Figure 3. Expression of CyclinE1 in pericarcinoma and esophageal carcinoma tissues. A. Pericarcinoma tissues lack 
CyclinE1 expression. B. Nuclear CyclinE1 expression of highly differentiated tumors. C. Cytoplasmic and nuclear co-
expression of CyclinE1 in highly differentiated tumors. D. CyclinE1 is expressed in the nucleus and weakly expressed 
in the cytoplasm of moderately differentiated tissues. E. CyclinE1 is weakly expressed in the nucleus and cytoplasm 
of moderately differentiated tumors. F. CyclinE1 is co-expressed in the cytoplasm and nucleus of poorly differenti-
ated tumors. (Magnification, × 400).



AKAP95, Cx43, CyclinE1 and D1 expression in esophageal cancer

7328 Int J Clin Exp Med 2015;8(5):7324-7332

The expression of AKAP95, CyclinE1, CyclinD1 
and Cx43, and their association with clinical 
and pathological parameters

As shown in Table 2, the expression of AKAP95, 
CycinE1, CycinD1 and Cx43, was not associat-
ed with the extent of tumor differentiation, or 
lymph node metastasis (P > 0.05).

The correlation among AKAP95, CyclinE1, 
CyclinD1 and Cx43 in esophageal carcinoma 

There were significant correlations between the 
expression of AKAP95 and CyclinE1, AKAP95 
and CyclinD1, as well as AKAP95 and Cx43 (P < 

0.05, Tables 3-5). By contrast, there was an 
insignificant correlation between CyclinE1 and 
CyclinD1, CyclinE1 and Cx43, as well as 
CyclinD1 and Cx43 (P > 0.05, Tables 6-8).

Discussion

Esophageal cancer is one of the most common 
malignancies. Therefore, studies that focus on 
the molecular mechanism that underlies the 
incidence and development of this cancer are 
very important. As a protein kinase A (PKA) car-
rier protein, AKAP95 phosphorylates targeted 
proteins by anchoring the RII subunit of PKA, 
which is mainly expressed in the nucleus. 

Figure 4. Expression of CyclinD1 in pericarcinoma and esophageal carcinoma tissues. A. Pericarcinoma tissues 
express CyclinD1 negatively. B. CyclinD1 is expressed in the cytoplasm of pericarcinoma tissues. C. CyclinD1 is 
expressed in the cytoplasm and poorly expressed in the nucleus of highly differentiated tumors. D. CyclinD1 is 
mainly expressed in the cytoplasm of highly differentiated tumors. E. CyclinD1 is co-expressed in the cytoplasm 
and nucleus of moderately differentiated tumors. F. CyclinD1 is mainly expressed in the cytoplasm and minimally 
expressed in the nucleus of poorly differentiated tumors. (Magnification, × 400).
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Table 2. The expression of AKAP95, CyclinE1, 
CyclinD1 and Cx43 in esophageal carcinoma, 
and their correlation with clinical and pathologi-
cal parameters

Characteristics N
AKAP95

Positive Negative X2 P
Differentiation
    High 19 9 10 0.470 0.856
    Moderate 29 14 15
    Low 6 2 4
Lymph node
    Postive 25 11 14 0.191 0.662
    Negative 28 14 14

Moreover, AKAP95 is involved in cAMP-mediat-
ed transduction of multiple signaling pathways 
[12, 13]. The zinc finger structural motifs (ZF1 
and ZF2) of AKAP95 are involved in chromo-
some condensation during cellular mitosis [14], 
and AKAP95 provides a scaffolding role for 
mini-chromosome maintenance protein 2 
(MCM2) during DNA replication [15]. The stud-
ies conducted by Kamada et al. showed that 

AKAP95 exhibits a role in apoptosis by binding 
Caspase 3 [16]. 

Both CyclinD1 and CyclinE1 regulate the G1/S 
phase transition of the cell cycle and are over-
expressed in many cancer tissues. The protein 
Cx43 is a tumor suppressor, and is down-regu-
lated in a variety of tumors. In the current study, 
we found that the expression of AKAP95, 
CyclinD1 and CyclinE1 were increased, and the 
expression of Cx43 was reduced in esophageal 
cancer tissues, which were consistent with pre-
vious findings [1, 3, 7, 11]. The studies by 
Arsenijevic et al. had shown that AKAP95  
could bind with CyclinD/E to form a 
CyclinD/E-AKAP95-PKA complex in CHO cells 
[5]. Moreover, AKAP95 can competitively 
replace the binding of CDK4 and CyclinD3, and 
the binding of CDK2 and CyclinE1, which sug-
gests that AKAP95 might regulate the cell cycle 
through CyclinD/E [5]. The studies conducted 
by Moorby et al. found that the expression of 
Cx43-deficient mutants in NIH 3T3 cells, pro-
longed the G2/M phase of the cell cycle [10], 
suggesting that Cx43 is involved in the regula-
tion of the cell cycle. 

In this study, we found that the expression of 
AKAP95 was correlated with CyclinD1, CyclinE1 
and Cx43 in esophageal carcinoma tissues, 
which is consistent with our previous findings in 
the tissues of lung cancer [11, 17]. However, 
AKAP95 is correlated with CyclinE1, but not 
with CyclinD1 and Cx43 in colorectal cancer tis-
sues (data not shown). This contrasting phe-
nomenon may be caused by histological differ-
ences. Combined with previous findings, our 
study suggests that the pro-tumorigenic effect 
of AKAP95 might be related to CyclinD1 and 
CyclinE1. However, the correlation between 
Cx43 and AKAP95 in esophageal carcinoma 
tissues suggested that Cx43 might play a nega-
tive role in the pro-tumorigenic effect of 
AKAP95.

Previously, it was shown that the phosphoryla-
tion of pRb by CyclinD is a precondition for the 
transcription of CyclinE that is activated by 
transcription factor E2F [18]. Caldon et al. 
found that in the model of estrogen-induced 
proliferation, c-Myc and CyclinD1 activate the 
CyclinE2-CDK2 complex by blocking and/or 
down-regulating the expression of the CDK 
inhibitor p21Waf1/Cip1. Moreover, the inducible 
expression of CyclinD1 can upregulate levels of 

Characteristics N
CyclinE1

Positive Negative X2 P
Differentiation
    High 19 18 1 3.261 0.216
    Moderate 29 26 3
    Low 6 4 2
Lymph node
    Positive 25 22 3 0.018 0.894
    Negative 28 26 2

Characteristics N
CyclinD1

Positive Negative X2 P
Differentiation
    High 19 11 8 2.971 0.226
    Moderate 29 23 6
    Low 6 5 1
Lymph node
    Positive 25 18 7 0.002 0.963
    Negative 28 20 8

Characteristics N
Cx43

Positive Negative X2 P
Differentiation
    High 19 3 16 2.747 0.253
    Moderate 29 6 23
    Low 6 3  3
Lymph node
    Positive 25 5 20 0.189 0.664
    Negative 28 7 21
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CyclinE2, and CyclinE2-CDK2 activation by 
estrogen occurs via E2F- and CHD8-mediated 
transcription of cyclinE2 downstream of 
cyclinD1 [19]. These findings suggest that there 
is a potential correlation between CyclinD and 
E, which is also supported by our previous stud-
ies in colorectal cancer tissues, where we 
found that the expression of both CyclinD and E 
was correlated (data not shown). However, this 
correlation was not found in esophageal squa-
mous cell carcinoma tissues and lung cancer 
tissues (data not shown), which is consistent 
with the studies conducted by Anayama et al. 
wherein it was shown that there was no correla-
tion in esophageal squamous cell carcinoma 
tissues [20]. There differential results that were 

seen in different tissues may be associated 
with earlier expression of CyclinD1 relative to 
CyclinE1 in the G1 phase of the cell cycle [21], 
which contribute to the differential timing of the 
cell cycle. Similar findings were conducted by 
Keenan et al. who showed that the ability of 
CyclinE to promote the G1/S transition of the 
cell cycle was unaffected by the CyclinD-CDK4 
complex [22].

In this study, we did not find any correlations 
between Cx43 and CyclinD1, or Cx43 and 
CyclinE1 in esophageal cancer tissues. 
However, our previous studies demonstrated 
that Cx43 was correlated with CyclinD1 and 
CyclinE1 in colorectal cancer tissues (data not 

Table 3. Correlation analysis of AKAP95 and 
CyclinE1 in esophageal carcinoma tissues

AKAP95
CyclinE1

rs P
- +- + ++ +++

- 2 3 1 3 5 0.294 0.031
+- 1 0 2 5 7
+ 0 0 2 3 15
++ 0 0 1 2 2
+++ 0 0 0 0 0
rs: Spearman’s rank correlation coefficient.

Table 4. Correlation analysis of AKAP95 and 
CyclinD1 in esophageal carcinoma tissues

AKAP95
CyclinD1

rs P
- +- + ++ +++

- 5 1 3 3 2 0.227 0.042
+- 1 4 5 5 0
+ 1 3 8 4 4
++ 0 0 1 3 1
+++ 0 0 0 0 0
rs: Spearman’s rank correlation coefficient.

Table 5. Correlation analysis of AKAP95 and 
Cx43 in esophageal carcinoma tissues

AKAP95
Cx43

rs P
- +- + ++ +++

- 9 5 0 0 0 0.360 0.007
+- 7 5 3 0 0
+ 5 8 6 1 0
++ 2 1 1 0 1
+++ 0 0 0 0 0
rs: Spearman’s rank correlation coefficient.

Table 6. Correlation analysis of CyclinE1 and 
CyclinD1 in esophageal carcinoma tissues

CyclinE1
CyclinD1

rs P
- +- + ++ +++

- 2 0 0 0 1 0.138 0.321
+- 1 0 1 1 0
+ 0 1 3 2 0
++ 2 1 5 4 1
+++ 2 6 8 8 5
rs: Spearman’s rank correlation coefficient.

Table 7. Correlation analysis of CyclinE1 and 
Cx43 in esophageal carcinoma tissues

CyclinE1
Cx43

rs P
- +- + ++ +++

- 2 1 0 0 0 0.030 0.827
+- 2 1 0 0 0
+ 0 5 1 0 0
++ 6 3 4 0 0
+++ 13 9 5 1 1
rs: Spearman’s rank correlation coefficient.

Table 8. Correlation analysis of CyclinD1 and 
Cx43 in esophageal carcinoma tissues

CyclinD1
Cx43

rs P
- +- + ++ +++

- 5 2 0 0 0 0.212 0.124
+- 4 3 1 0 0
+ 6 5 6 0 0
++ 5 8 1 0 1
+++ 3 1 2 1 0
rs: Spearman’s rank correlation coefficient.
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shown). This controversial outcome might be 
related to the differential expression of Cx43, 
CyclinD1 and CyclinE1 in different tissues, or 
because of the various cell cycle phases of 
tumor cells. In addition, the expression of 
AKAP95, CyclinD1, CyclinE1 and Cx43 in 
esophageal cancer tissues was unrelated to 
the degree of differentiation and lymph node 
metastasis.
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